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DNA SEQUENCE AND EXPRESSED RECOMBINANT GLYCOPROTEINS RELATED 
FELINE THYROTROPIN (TSH) 



ABSTRACT 



Newly established sequence and DNA constructs of the alpha and beta subunits of the pituitary glycoprotein 
thyrotropin (TSH) of the cat, and a new process to express the glycoproteins in high quantity. Constructs include 
sequence for individually expressing the alpha subunit (including signal sequence and FLAG affinity tag with a 
Factor Xa cleavage site. The beta subunit DNA also includes intron 1 to enhance expression in mammalian cells. 
Another recombinant engineered "yoked" peptide engineered is a single-chain DNA sequence which encodes the 
alpha subunit and the beta subunit (including the first intron) linked by the C-terminal peptide of human chorionic 
gonadotropin. When expressed in mammalian cells (human embryonic kidney cells), this "yoked" glycoprotein is 
bioactive 



TECHNOLOGY DESCRIPTION 



Our laboratory is the first to discover the cDNA sequence of pituitary feline alpha subunit. A report of tiger 
alpha subunit cDNA is 97.8% similar but not identical. Projected amino acid sequence of the 24 amino acid 
signal sequence and 96 amino acid alpha subunit differs from that of the tiger by 3 amino acids (97.5% 
homology). In addition, our feline alpha construct includes 98 additional upstream bases which we amplified 
from feline pituitary RN A , 

We believe that the enhanced in vivo expression levels of the construct not only make it unique 

to the cat, but also an improved expression construct. 

The report of the beta subunit genomic DNA structure including expressed sequence as well as the first intron has not 
been previously reported. The use of the cDNA for human chorionic gonadotropin (HCG) C-tenminal peptide 
(xxamino acids) to link the alpha and beta subunits has been a strategy used previously in other laboratories and also 
in our laboratory for canine TSH. However, the application to the new sequence of feline TSH is novel. 
Please see attached sequence information for available recombinant constructs. 



We are currently evaluating monoclonal antibodies developed against ovine and canine TSH for crossreactivity to 
feline TSH. Our next phase of research will confirm whether these monoclonal antibody pairs can detect feline TSH 
in a sensitive "sandwich" assay. If sensitivity is 

inadequate, we are preparing a monoclonal antibody later this month against the feline alpha subunit which will be 
paired with our 14H9.E4 beta subunit specific monoclonal antibody which we have already shown will detect 
heterodimeric and yoked feline TSH. We believe that the final demonstration of the fact that these recombinant 
standards can be used for immunoassay standards will strengthen their commercial value. We have preliminary 
evidence with crude proteins supporting this value but will soon do additional studies of it. Demonstration of in vitro 
(cell culture and adenylate cyclase stimulation) and in vivo bioactivity (increase in serum thyroid hormone 
concentrations and increased radioiodide uptake in cats) will serve as proof of bioactivity of the expressed constructs. 



-2- 



Vectors and celb - pEAKlO™ expression vector and pEAK™ cells (modified HEK cells) from Edge 
Biosystems, 19208 Orbit Drive, Gaithersburg, MD 20879-4149 

No transfer agreement - this vector was used to transfect the mammalian pEAK cells (modified Human Embryonic 
Kidney (HEK) cells for transient expression of alpha and beta subunits of feline TSH (TSH alpha/beta), the 
expression of feline alpha subunit alone, and the yoked feline TSH construct. Using puromycin selection, the line 
fTSHalpha /pEAK line and yfTSH/pEAK cell lines were created in our laboratory 



APPLICATIONS OF THE TECHNOLOGY 

1. Expression of recombinant feline thyrotropin and its subunits as immunoassay standards and immunogens for 
improved immunoassays against feline TSH. Such assays, particularly if sensitive enough to detect TSH suppression, 
would be a valuable diagnostic tool for the diagnosis of feline hyperthyroidism. A less sensitive assay would still be 
able to allow veterinary practitioners to monitor success of treatment with antithyroid drugs. 

2. Recombinant helerodimeric or yoked feline TSH as a species-specific bioactive stimulus of thyroid function. Used 
as a thyroid radiosensitizing agent to increase the efficacy of a radioiodide ablative dose in thyroid adenomas and 
particularly in nonfunctional carcinomas. Because the structure is identical in thyrotropin, follicle stimulating 
hormone (FSH) and luteinizing hormone (LH), the alpha subunit can be used also to develop the subunit for 
combination with different beta subunits of those pituitary glycoproteins 

3. Development of permanent cell lines to express feline alpha subunit - already accomplished -cell line fTSHalpha 
/pEAK line - the commercial value resides in the ability to independently produce the feline pituitary alpha subunit 
common to feline FSH, LH and TSH. 

4. Development of permanent cell lines which express the yoked feline TSH construct - already accomplished -cell 
line yfTSH/pEAK line - the commercial value resides in the ability to produce a bioactive and immunoreactive 
glycosylated single-chain feline TSH. 
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SEQUENCE INFORMATION 

A. Construct of Feline Thvrotropin-beta Subunit with First Intron 

1 30 
5'(GAA TTQATG ACT GCT ATC TAC CTG ATG TCC GTG CTT 

met thr ala ile tyr leu met ser val leu 
31 75 
TTT GGC CTG GCA TGT GGA CAA GCG ATG TCT TTT TGT TTT CCA ACT 
phe gly leu ala cys gly gin ala met ser phe cys phe pro thr 
76 120 
GAG TAT ATG ATG CAT GTC GAA AGG AAA GAG TGT GCT TAT TGC CTA 
glu cys met met his val glu arg lys glu cys ala tyr cys leu 
121 162 
ACC ATC AAC ACC ACC ATC TGT GCT GGA TAT TGT ATG ACA CGG 
thr ile asii thr thr ile cys ala gly tyr cys met thr arg 
Intron 1 

163 GTA TGT A GTTCA TCTCA CTTCTTTTA GCTGAAAA TTA GA TAAA CCTAGA CT 
CAGTCCATTTCTATCCAGAAAGGAAATGAGATAAATCACAACCTCATTTCACAGACCTAACGGT 
CATTGGCTCCTTAGAGGTAGAGTCCCTAGGTTATAA TA TACGGACCTACTCCA TACAGTTGGTA 
CAGATAATTTTTACAATAGTTTTACTCCCAAAGTrTATTTAAACCTTAT 

AGGATAAAAGAGAGGTGTGTGTGTATGTCATTTTITrTTGTCTCTATAGGATTCAGTGTGGATA 

TGCTGAA TTGGTA TTGGGGAA TGGGA CTAA GGAA TCCTCCCCCA GTCCTA TTTG TA TCT A TGGG 

ATGTAAGCGAATTAACATTTTGCrrCCTCTTCTGTGCTTCCCTCAG 580 

581 625 

GAT ATC AAT GGC AAA CTG TTT CTT CCC AAA TAT GCT CTG TCC CAA 

asp ile asn gly lys leu phe leu pro lys tyr ala leu ser gin 

626 670 

GAT GTT TGC ACC TAC AGA GAC TTC CTG TAC AAG ACT GTA GAA ATA 

asp val cys thr tyr arg asp phe leu tyr lys thr val glu ile 

671 715 

CCA GGA TGC CCA CAC CAT GTT ACT CCC TAT TTC TCC TAC CCG GTA 

pro gly cys pro his his val thr pro tyr phe ser tyr pro val 

716 ' 760 

GCT GTA AGC TGT AAA TGT GGC AAG TGT AAT ACT GAC TAT AGC GAC 

ala val ser cys lys cys gly lys cys asn thr asp tyr ser asp 

761 805 

TGC ATA CAT GAG GCC ATC AAG ACA AAT GAT TGT ACC AAA CCC CAG 

cys ile his glu ala ile lys thr asn asp cys thr lys pro gin 

806 835 

AAG TCC GAT GTG GTA GGA GTT TCT ATC TAA (GCGGCCGC ( 4))(AT) 5 .3' 

lys ser asp val val gly val ser ile stop 

Key 

( ) denotes the Eco RI restriction sites 
Bold denotes signal sequence 
Bold/italic denotes the intron 1 sequence 



H 



B. Feline Alpha Subunit Construct 
(GAATTC) GCCCTT 

1 45 
AGT TAC TGA GAA ATCACA AGA CGA AGC CAA AATCCC TCT TCA GAT 

ser tyr OPA glu ile thr arg arg ser gin asn pro ser ser asp 

46 90 

CCA CGGTCA ACT GCC CTG ATC ACA TCCTGCAAAAAG TCCGGA GGA 

pro arg ser thr ala leu ile thr ser cys lys lys ser gly gly 

91 135 

AGG AGA GCC ATG GAT TAC TAC AGA AAA TAT GCA GCT GTC ATT CTG 

arg arg ala met asp tyr tyr arg lys tyr ala ala val ile leu 

136 180 

GCC ATA CTC TCT GTG TTT CTG CAT ATT CTC CAT TCT TTT CCT GAT 

ala ile leu ser val phe leu his ile leu his ser phe pro asp 

181 225 

GGA GAG TTT ACA ATG CAG GGG TGC CCA GAA TGC AAG CTA AAG GAA 

gly glu phe thr met gin gly cys pro glu cys lys leu lys glu 

226 270 

AAC AAA TAC TTC TCC AAG TTG GGT GCC CCA ATT TAT CAA TGC ATG 

Asn lys tyr phe ser lys leu gly ala pro ile tyr gin cys met 

271 315 

GGC TGC TGC TTC TCC AGA GCA TAC CCC ACT CCA GCA AGG TCC AAG 

gly cys cys phe ser arg ala tyr pro thr pro ala arg ser lys 

316 360 

AAG ACA ATG TTG GTC CCA AAG AAC ATC ACC TCA GAA GCC ACA TGC 

lys thr met leu val pro lys asn ile thr ser glu ala thr cys 

361 405 

TGT GTG GCC AAA GCC TTT ACC AAG GCC ACG GTA ATG GGA AAT GCC 

cys val ala lys ala phe thr lys ala thr val met gly asn ala 

Continued on next page 



406 450 
AAA GTG GAG AAT CAC ACA GAG TGC CAC TGC AGC ACT TGC TAT CAC 
lys val glu asn his thr glu cys his cys ser thr cys tyr his 
451 459 492 

CAC AAG ATT (ATC GAA GGT GCT ()) )(GAC TAC AAG GAC GAT GAC GAT 
his lys ile ile glu gly ala asp tyr lys asp asp asp asp 
493 495 510 
AAG {2) ) (TAAoj) (GCGGCCGC (4) )(TATG) 5 3' 
lys 

Bold denotes 24 amino acid unexpressed signal sequence as per structure in other species 

Bold italics denotes sequence upstream from expressed but not secreted signal sequence; 

only reported in equine; whether it is expressed is not clear. 

( ) denotes Eco Rl restriction site from TOPO Blunt vector 

Underlined denotes additional sequence from TOPO Blunt vector 

( (0) denotes Factor XA site 

( (2)) denotes Flag tag 

( (3)) denotes stop codon 

( (4)) denotes Not 1 restriction enzyme site 

( )s denotes extra bases needed for restriction enzyme to work 



C. Yoked Feline TSH 

1 30 
5'(GAA TTQATG ACT GCT ATC TAC CTG ATG TCC GTG CTT 

met thr ala ile tyr leu met ser val leu 
31 75 
TTT GGC CTG GCA TGT GGA CAA GCG ATG TCT TTT TGT TTT CCA ACT 
phe gly leu ala cys gly gin ala met ser phe cys phe pro thr 
76 120 
GAG TAT ATG ATG CAT GTC GAA AGG AAA GAG TGT GCT TAT TGC CTA 
glu cys met met his val glu arg lys glu cys ala tyr cys leu 
121 162 
ACC ATC AAC ACC ACC ATC TGT GCT GGA TAT TGT ATG ACA CGG 
thr ile asn thr thr ile cys ala gly tyr cys met thr arg 
Intron 1 

163 GTA TGT A GTTCA TCTCACTTCTTTTAGCTGAAAA TTA GAT AAA CCTA GA CT 
CAGTCCATTTCTATCCAGAAAGGAAATGAGATAAATVACAACCTCATTTCACAGACCT 
AACGGTCATTGGCTCCTTAGAGGTAGAGTCCCTAGGTTATAATATACGGACCTACTCC 
ATACAGTTGGTACAGATAATTTITACAATAGTTTTACTCCCAAAGTTTATTTAA^ 
ATCTTGTTCCCACGATCAAGGATAAAAGAGAGGTGTGTGTGTATGTCA' iTlTrnTI XrT 
CTCTA TAGGATTCAGTGTGGA TA TGCTGAA TTGGTA TTGGGGAA TGGGA CTAAGGAAT 
CCTCCCCCAGTCCTA TTTGTA TCT A TGGGATGTAAGCGAA TTAA CA TTTTGCTTCCTCT 
TCTGTGCTTCCCTCA G 580 

581 625 
GAT ATC AAT GGC AAA CTG TTT CTT CCC AAA TAT GCT CTG TCC CAA 
asp ile asn gly lys leu phe leu pro lys tyr ala leu ser gin 
626 670 
GAT GTT TGC ACC TAC AGA GAC TTC CTG TAC AAG ACT GTA GAA ATA 
asp val cys thr tyr arg asp phe leu tyr lys thr val glu ile 
671 ' " 715 

CCA GGA TGC CCA CAC CAT GTT ACT CCC TAT TTC TCC TAC CCG GTA 
pro gly cys pro his his val thr pro tyr phe ser tyr pro val 
716 760 
GCT GTA AGC TGT AAA TGT GGC AAG TGT AAT ACT GAC TAT AGC GAC 
ala val ser cys lys cys gly lys cys asn thr asp tyr ser asp 
761 805 
TGC ATA CAT GAG GCC ATC AAG ACA AAT GAT TGT ACC AAA CCC CAG 
cys ile his glu ala ile lys thr asn asp cys thr lys pro gin 

806 V?gte specific frx«\er SgavfAiC* | | grP ItufreT 850 

A/JG TCC GAT GTG GTA GGA GTT TCT ATC CAG GAC TCC TC A AAG GCC 
lys ser asp val val gly val ser ile Ifgln asp ser ser lys ala 

8 ^ CTP h*tr Ccrr&wl) 892 

CCT TCC GCC AUC CTT CCA AGC CCA ^ACG CGT) CTC CCG GGG CCC? 

pro ser ala ser leu pro ser pro ^thr arg leu pro gly pro 
^reverse cow^ltf^oif \t\ cot\<fr*dr A-f-f JUL Ji^rtiurv SOtJ 
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893 gth*r<u»**«\ ^^931 + 



HTT CCT GAT GGA GAG 



TCG GAC ACC CCG ATC CTC CCA CAA | 
ser asp thr pro ile ile pro gin phe pro asp gly glu 
932 971 
TTT ACA ATG CAG GGG TGC CCA GAA TGC AAG CTA AAG GAA 
phe thr met gin gly cys pro glu cys lys leu lys glu 
972 1016 
AAC AAA TAC TTC TCC AAG TTG GGT GCC CCA ATT TAT CAA TGC ATG 
Asn lys tyr phe ser lys leu gly ala pro ile tyr gin cys met 
1017 1061 
GGC TGC TGC TTC TCC AGA GCA TAC CCC ACT CCA GCA AGG TCC AAG 
gly cys cys phe ser arg ala tyr pro thr pro ala arg ser lys 
1062 1106 
AAG ACA ATG TTG GTC CCA AAG AAC ATC ACC TCA GAA GCC ACA TGC 
lys thr met leu val pro lys asn ile thr ser glu ala thr cys 
1107 1151 
TGT GTG GCC AAA GCC TTT ACC AAG GCC ACG GTA ATG GGA AAT GCC 
cys val ala lys ala phe thr lys ala thr val met gly asn ala 
1152 1196 
AAA GTG GAG AAT CAC ACA GAG TGC CAC TGC AGC ACT TGC TAT CAC 
lys val glu asn his thr glu cys his cys ser thr cys tyr his 
1197 1205 

CAC AAG ATT (ATC GAA GGT GCT (1) )(GAC TAC AAG GAC GAT GAC GAT 
his lys ile ile glu gly ala asp tyr lys asp asp asp asp 

1239 1241 1256 

AAG (2) ) (TAA(3)) (GCGGCCGC ( 4))(TATG) 5 3' 
lys -*-<X-5 u»r'itfcc\ 

Key 

( ) denotes the Eco RI restriction sites 
Bold denotes signal sequence 



Bold italics denotes intron I sequence l=Factor XA site 
( (0) denotes Factor XA site 
( (2)) denotes Flag tag 
( (3)) denotes stop codon 
( (4)) denotes Not 1 restriction enzyme site 
( )s denotes extra bases needed for restriction enzyme to work 



The present invention is illustrated by the preceding examples. It is to be understood that 
the particular examples, materials, amounts, and procedures are to be interpreted broadly in 
accordance with the scope and spirit of the invention as set forth herein. The foregoing 
description and examples have been given for clarity of understanding only. No unnecessary 
limitations are to be understood therefrom. The invention is not limited to the exact details 
shown and described, for variations obvious to one skilled in the art will be included within the 
invention described herein. 

The complete disclosure of all patents, patent applications, and publications, and 
electronically available material (including, for example, nucleotide sequence submissions in, 
e.g., GenBank and RefSeq, and amino acid sequence submissions in, e.g., SwissProt, PIR, PRF, 
PDB, and translations from annotated coding regions in GenBank and RefSeq) cited herein are 
incorporated by reference. 
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